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INTRODUCTION
It will be the endeavor of the essayist to present
in this thesis a resume of the history and incidence, the
etiological factors involved, and the treatment of pyelitis
in infancy and childhood.
In the etiological considerat i on, special attention will be paid to the predisposing factors, such as
stasis--the cause and effect of, sex, age, familial and
seasonal factors.

Special reference wil l also be w..ade to

the exciting cause or bacteriology, and the mode of infection
in which the hematogenous, Periureteral lymphatic, transpariet~l
and ascending routes will be discussed in detail.
In consideration of the treatment, reference will

be made to the importance of fluids, alkalinization and acidification, and the history and use of the ketogenic diet.
Only the more important drugs used in treatment of pyelitis,
viz., methenamine (Urotopin) hexymethenamine, hexylresorcinol,

mandelic acid, sulfanilamide, and M&B 693, will be discussed.
Consideration will also be given to the catheterization and
instillation of silver nitrate into the kidney pelvis and
also the treatment of pyelitis by the use of vaccines.
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DEFINITION

"
Von Huttenbrenner,
who was the first to call attention to the frequency of pyelitis in infancy and childhood
in 1876, defined pyelitis as an inflannnation of the calyx
and pelvis of the kidney.(80)

But as I reviewed the litera-

ture of pyelitis in infancy and childhood I came to the con-

w.

clusion expressed by

H. Thomas when he wrote:

"headline

writers of newspapers exercise much cleverness and ingenuity
in attracting attention to the subject matter of the titled
articles.

The striking headline causes us to read the article

and when we have finished it we discover that the subject discussed is something with much wider ramification than the title
would indicate.

While the title is "Pyelitis in Children"

the subject matter is inevitably "The Urology of Childhood".(90)
Pyelitis, as the term is usually used in a clinical
sense, means that the infant or child has infection somewhere
in the urinary tract.

It may mean an infection of the bladder,

of the ureters, of the kidney pelvis, or of the parenchyma of
the kidney pelvis.

It is readily seen that such a descrip-

tive term is objectionable, not only is it inadequate of
description but is often misleading as to a conception of the
underlying pathology and proper management.

Urinary infection

or pyuria would be a more descriptive term of the true condition. (64)
Pyelitis is not a diagnosis of a condition always
characterized by the same pathology, but rather it embraces
-2-

cystitis, pyelonephritis, pyelitis, ure t eritis or cysto-uretopyelitis.

It would be better to designate such conditions as

pyu.ria until such time as enough in.formation is properly obtained to classify a given illness.(3)

~erefore, when the

term pyelitis is used in this thesis it will be used in the
sense of a pyuria, ie., to mean in.fection of the urinary tract.
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HISTORY AND I NCIDENCE OF PYELITIS
Hippocrates, Galen and Agtius recognized the
existence of pus in the urine resulting from nephritic infection, but it was not until 1837 that Rayer, a French
physician, recognized and described pyelitis as an entity. (2)
Hu.ttenbrenner in 1876 first called attention to the frequency
with which the disease occurred in infants and young children.
Later, investigators, after the microscope came into con:nnon
use, thought the disease to be confined to the bladder, and
because of the frequency of the colon bacillus as the causative
organism, called the condition colicystitis.(66)

Apparently

overlooked by many and denied by others, little work was done
until 1894 when Escherich again noted the frequency of pyelitis
in infants and children.

F.scherich thought the condition

limited to girls and considered pyuria solely due to cystitis.{2.)
Other men who became interested in the topic and emphasized its
importance were Hirschsprung in 1883 and Finkelstein in 1896.(20)
'lhe error of the early observers in calling this
condition a colicystitis was partly due to the low mortality
giving but little chance of postmortem study, and partly to
the fact that only relatively recent improvement in the modernday cystoscope has made ureteral catheterization of infants
possible, showing that in cases of pyuria there is usually an
inflammation of one or both kidney pelves.l66)
In recent years, the subject of pyelitis has been
most intensely studied by H.F. Helmholz.
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To see the need to emphasize the importance of

pyelitis in in:fancy and childhood you have only to realize
that with the exception of the connnon cold and gastrointestinal
disturbances, acute infection of the urinary tract is one of
the most common and frequent diseases of infancy and one of
the most frequently overlooked because of the indifference to
the necessity of the routine examination of urine in all acutely ill infants and young children.

This is due chiefly to

two factors, viz. first, difficulty in obtaining the urine;
and second, the absence of any symptoms or signs of the urinary
tract as the seat of trouble.(66)

The empnasis on the fre-

quency with which this disease occurs has influenced many
physicians to make diagnosis whenever pus cells are found in
an ordinary specimen of urine.

The finding of pus in the urine,

originating in the vagina, has led to faulty diagnosis in many
cases.(32)
A.

s.

Hurt, Jr.(53) in the study of 773 children in

the first two years of life has found an incidence of 1.4%.
R. M. Smith {82) in 1918 estimated that 1~ of all cases observed by pediatricians were diagnosed and treated as pyelitis.
Gittings (26) in 1922 reported that of 734 patients with febrile
diseases treated in the medical wards of the Philadelphia
Childrens Hospital, 1.6~ had pyelitis.

Clyde Moore (71) in

1926 states that Gopperts practice had 1.2~ pyelitis.

Forbes(23)

in 1929 in a study of 16,367 admissions to the Denver Childrens
-5-

Hospital found 128 diagnoses as pyelitis as both final
diagnosis or complicating some other dis ea se.
sents a case incidence of .78~.(23) .

This repre-

In st. Mary•s Hospital

of Rochester, Minnesota there is a report of 737 cases or

1.4%.

(53)

Campbell has reported the cases of 961 infants

and children with acute and chronic urinary infections. (49)
Chaulk in 1929 states that one in every forty admissions to
the st. Louis Childrens Hospital was because of infection of
the urinary tract. (49).

He report 483 cases and all but 25

of the patients were younger than ten years of age and 172 were
less than one year of age, with a mortality of 40%. (90)
Crunpbell found 331 infants and children were admitted to the
Babies Hospital in New York City for urinary infection between
the years 1913 and 1933 which accounted for
47,265 admissions. (49).

o.a~

of the total

In view of all of these reports of

incidence of pyelitis in infants and children it is safe to
conclude that the incidence lies somewhere between 0.8~ and 1.6~.
Pyelitis is twice as common in children under two years
as after that age, and 75-90~ of these cases occur in girls.
It is uncommon under three months of age but has been seen in
the newly born.

In very young infants, as many boys as girls

are affected, but after this period it is 3-4 times more common
in girls.

After two years of age the incidence decreases. lll)

Mary A. Griffin in a study of 170 cases of pyelitis found about
78.2~ of this in the first year of life.

It was twice as

great in frequency in girls as in boys, but in children under

-6-

six months there was little difference in sex incidence.(2~)
Tb.is finding is in agreement with Chown (16) and Wilson and
Schloss (97).
Neonatal pyelitis is only rarely referred to in the
literature and the first two cases reported were those by
Kovalesky and Moro in 1907.
under three months.

Goepperts• series had six infants

Von Reuss, in 1914, remarked that pyelocyst-

itis in the new born was infrequent and that our knowledge was
very defective. (61)

Helmholz in nis review of the litera-

ture up to 1917 was able to find only two cases and these cases
were those previously mentioned by Kovalesky and More.(29)
Wieland , in 1~18, contributed nine cases under six months of
age.(61)

In a large series of cases reported by Poulsen,

Ramsay and Chown no infant under the age of one month is
mentioned.(77)

Kretschmer reports pyelitis in one male infant,

age 27 days, in a series of 86 cases. (59)

In a very interest-

ing paper by Sauer on neonatal pyelitis is a series of fifteen
non-thriving newborn infants with gastrointestinal symptons in
which the Bacillus Coli and pus were found in the urine of
fourteen.

Graham reports six cases of pyelitis in newly born

infants in which the urines were heavily infected by the second
or third day. (77)

Wilson and Schloss describe three males and

two femal infants under the age of one month with typical
B. Coli pyelitis. (97)
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ETOLOGlCAL CONSIDERATIONS
Predisposing F~Qtora
Primary pyelitis probably is the result of the
lowering of the resistance of the tissues of the bladder and
of the lack of normal flushing of the lower urinary passages,
or both, with resultant ascending inf'ection which eventually
involves the upper urinary passages.

The secondary form

probably acts in the same way, except that in cases in which
it is associated with invasion of the blood stream by organisms,
the disease starts as a hematogenous inf'ection of the kidney.(32)
The general predisposing causes of lowered resistance
are those of acute and chronic nutritional disturbances such
as disturbed balance, dyspepsia, scurvy, rickets, etc.; acertain type of constitutional make-up, such as exudative diathesis;
general inf'ections, and infections of the gastro-intestinal
tract.(25)
The local predisposing causes are the malformations
of the urinary tract, such as hydronephrosis, split ureter,
exstrophy of the bladder, valve-like folds in the lower ureter
or urethra are the most important.

Renal calculi also

play an important role. (25)
There are apparently two general types of inf'ection
in children, viz., those without urinary stasis and those in

-s-

which a definite lesion is present which interfers with complete drainage.(9)

Bates (3), Higgins (49), Helmholz {3),

Campbell (13), Nabarro (74), Stephens (85), and most all of
the other authors agree that of all the predisposing factors
favoring infection, urinary stasis is probably the most important.

The majority of the sever~infections occur in the

presence of an abnormality of the urinary tract which has led
to inadequate drainage. (37)
~e manner in which urinary obstruction operates as
an etiological accessory in renal infection is as follows:
The structures above the point of obstruction become congested
as a result of the urinary stasis or back pressure; the congested organ becomes a rr1ocus minoris resistentiae".

Bacteria

are continually reaching the kidney by the blood stream, but
norm.ally are destroyed by the rich endothelial cellular
deposit of the capillary bed.

In the congested organ whose

bacterial defenses are reduced by congestion, bacterial invasions which ordinarily would be destroyed gain a foothold, and
infection develops.

It is therefore axiomatic that urinary ob-

struction predisposes to infection and once infection is
established in the presence of obstruction it is extremely
difficult to sterilize the urine without removing the cause of
the urinary stasis. {13)
.Anomalies of the urinary tract in children which
predispose to urinary tract infection are more common than
generally believed.

Hyman states that the incidence of these
-9-

malformations studied in post-mortem is from 1.5-2.3~ and that
by far the greatest number of anomalies are found in the upper
urinary tract.(54)

Brown of Detroit, in a comprehensive post-

mortem study of the urinary tract of 80 unselected cases in
fetuses and young infants, demonstrated 20% which had malformations of the upper urinary tract involving the kidneys,
etc., and 11.25% involving the ureters.

If we keep in mind

the complicated fetal development of the genito-urinary tract,
with the evolutionary opening of the ureter into the bladder after its origin from the wolffian duct, and the formation of
the renal pelvis from the dilated upper end of the ureteral
canal by contraction at the point of branching, it is not
difficult to understand that any derangement of the evolutionary development of these structures may cause ureteral
malformation. (83)
In a review of the literature I was able to find

the following reports of urinary tract anomalies:
Woolstein (74)

No. of Post-Mortems
4900

%

No. of Anomalies
117

2.5

Sheldon (74)

400

10

2.5

Hurt (52)

101

5

5.0

Bugbee & Woolstein (10) 4903

l.17

2.3

153

20

13.0

1200

65

5.4

Lowsley, Kingery, Clark (5)
4215

62

1.4

Bigler (5)
EJJglisch (5)

In this series therefore the range of percentage is
from 1.4% to 13%.

Campbell and Lyttle believe approximately
-10-

2% of infants have ureteral obstruction which predisposes to
infection and renal dl struction.(14}

Helmholz (36} in a

study of 150 cases of pyelitis found anomalies in 45 of the
patients which amounts to a percentage of 30%.
These anomalies may be congenital, as in anomalies
of the urethra or the meatus, such as epispadias, h-ypospadias
or phimosis, or of the bladder, such as diverticula and exstrophy.

It may be caused by strictures or by anomalies of

the ureter or congenital malformation of the kidney, or
spinal cord lesions.

The obstruction may also be caused by

acquired lesions in any portion of the urinary tract. (1)
Hunner 1 s experience in chronic pyelitis in children has lead
him to believe that a high percentage (almost 100%) of the ~~sis
ureteral strictures were present.

It is his belief that

ureteral stricture usually results from blood stream infection from some distant focus of infection.

He therefore

believes most of these ureteral strictures are acquired rather
than congenital. (51)

Urologists and Pediatricians are realiz-

ing the importance of determining the presence of anomalies
of the urinary in infants and in children (52).

Various in-

vestigators, among who are Abt (1), Helmholz (36), Runner (51),
Hyman (54), Kretschner (59), Lowsley and Butterfield (62), McKay
(64), Mertz (69) and Stevens (86), have emphasized the necessity
of making complete urological examination of children who have
urinary trouble which is resistant to intensive treatment over
a reasonable period of time.
-11-

In our definition of pyelitis at the beginning of
this thesis mention was made that while the title is npyelitis
of Children''., the subject matter is inevitably, "The Urology
of Childhood" and the term as used clinically would be more
descriptive if termed pyuria.

I think that one only needs to

study the following diagram of the causes of pyuria to realize
the importance urological examination plays in the proper care
and treatment of persistent or recurrent pyelitis.
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CAUSES {direct and indirect) OF PYURIA
These are predominantly obstructive
1. stenosis of prepuce; 2. stenosis of urethral meatus;
3. paraphimosis; 4. urethral stricture; 5. urethral stone
6. urethral diverticulum; 7 periurethritis; periurethral
abscess; 8. cowperitis; chronic external spincterospasm;
9. congenital valve of posterior urethra; 10. hypertrophy
of verumentanum; verumontanitis; 11. prostatitis, prostatic abscess; 12. contracted bladder neck; median bar;
13. periprostatitis or pelvic suppuration; 14. mucosal fold
at bladder outlet, trigonal curtain; 15. stricture of ureteral
meatus; ureterocele; 16. uretero-vesical junction stricture;
17. vascular obstruction of lower ureter; 18. congenital
ureteral valves; 19. ureteral obstruction by diverticulum
compression; 19• diverticulum; 20. ureteral stone; 21. ureteral stricture; 22. periureteritis; periureteral phlegmonor
abscess; 23. ureteral kink; periureteral fibrous bands;
24. renal tumor; 25. ureteropelvic junction stricture;
26. aberrant vessel (obstruction of upper ureter); 27. pelvic stone; 28. renal tuberculosis;29. stricture of calyceal
outlet; 30. calyceal stone; 31. pyelonephritis; 32. pyonephro•
sis; 33. "pyelitisn inf'ected hydronephrosis; 34. perirenal
suppuration invading urinary tract; spinal disease (Potts, etc.);
35. hydroureter; 36. pericystic abscess rupturing into bladder;
37. seminal vesiculitis; 38. neuromuscular vesical disease;
-13-
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38 1 cystitis; 39. urethritis; 40. folliculitis (littre);
40 1 folliculitis (Morgagni); 41. periurethritis, periurethral
abscess; 42. endometritis; 43. cervicitis; 44. foreign body
in vagina; 45. Vaginitis; 46. skenitis; 47. folliculitis of
introitus; 48. bartholinitis; {13)
Sex Factor
Helmholz (32) believes that the disease is about
six times as common among girls as among boys during the first
two years of life, and three times as common among girls after
the second year of life.

In the neonatal period there is a

preponderance of boys in the small group reported.

\

Goeppert,

Wieland, and Finkelstein also found the new born male more predisposed than the female and Litchfield and Gillman (61) in a
report of fifteen cases found thirteen cases out of fifteen
were boys.

Thomson after a study of 224 children under two

years of age, stated that 21.8% occurred in male children.
The higher incidence in girls was due to so-called diaper infection by direct contamination of the short urethra occurring
with subsequent ascending infection of the bladder. {49)
Stephens (85) reporting on 64 patients treated with pyelitis
in the Royal Alexandra hospital for children found that 54 of
these were females and 10 were male.

Six of the children were

12 months old or younger, 21 were 1-4, and the balance, 34, were
4-13 years.

Of these children in the first year of life males

are affected as often as females.
-14-

Van Duzen (93) in a series

of three hundred cases found 42 males and 258 females.

Of

the children in this series, five males and seventeen females
were found under ten years of age arrl two males and seventeen
females were found between the ages of ten and twenty.
Fa.milial Fac1Q_r
A familial tendency toward pyelitis is difficult to
determine because of the frequency with which pyelitis occurs.
A possible familial predisposition was present in a family
which included six children and in which the condition was observed among all four girls in the first four years of life.(32)
S_e_as_ona.l F ~ r
There appears to be a seasonal variation in the incidence of pyelitis.(20)

DJ.ring the months from September to

April, children are seen with ears discharging, nasal infections
with mucous and mucous draining anteriorly and posteriorly,
tonsils congested and the crypts filled with caseous and purulent material and often the pritmary condition waves; but the
fever often persists and is higher than the general condition
of the patient warrants.

The routine examination finds large

numbers of leucocytes in the urine and this condition of
pyuria is called "pyelitis". (2)

Chown (16), G8ppert {20),

Caulk (90) and Helmholz (32) have all found this true.

Then

in the months from May to September the predominating condi-

tion is enteritis and with this is associated another increase
-15-

in the number of cases of pyelitis. (90)

So it has been ob-

served by most writers on this subject that the incidence of
pyelitis has a seasonal factor which is in direct relationship to the seasonal occurrence of upper respiratory infections and the gastro-intestinal diseases.
BacteriologJ:
It is probable that all cases of pyelitis are caused
by bacteria which gain entrance to the mucosa and adjacent
urinary parts as a result of a lowered resistance. (27)

'lhe

causal agent is usually the Bacillus Coli Communis, and this
term Bacillus Coli Communis is used to cover several species
other than the Bacillus Coli Comnru.nis proper; such as the
lactose fermenters, the Bacillus cloacoe and the Bacillus
lactis aerogenes, and the non-lactose fermenters, the Bacillus
If
t'YI)hosus, Bacillus proteus, Gartner•s
bacillus and Morgan•s

bacillus. (84)

In 1894 Escherich believed that the sole

causative organism was the Bacillus Coli and even named the
condition ncolecystitis".(27)

Nabarro also found that the

most frequent organism isolated was the B. CGli Conmrunis,
either alone or associated with the Bacillus proteus or streptococcus.

Other organisms that he had encountered in the urine

of pyelitis patients were the Bacillus lactis aerogenes,
Bacillus pyocyaneus, Bacillus coli anaerogenes (probably Sonne
dysentery bacillus), a Shiga-like bacillus, Bacillus faecalis
alkaligenes and the staphylococci.
-16-
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'lhe very fact that such a

variety of organisms may be isolated from the urine raises
a doubt whether these are the actual causes of the disease
or merely secondary invaders.(74)

Helmholz states that at his

clinic, gram negative bacilli of the colon aerogenes group
are the infecting organism in almost 80% of cases; streptococci and staphylococci in 15%; and a variety of organisms are
the infecting ones in the remainder.

The gonococcus very

rarely gives rise to infection of the bladder.

Sterile forms

of pyuria when cultures are made on ordinary media usually
are tuberculous.

The bacilli of tuberculosis never appears in

the urine unless there is a t uberculous lesion of the kidney,
and they are found in large numbers when there is an ulcerative
lesion. (32)

Bates (3) agrees with other writers that the

colon bacilli, staphylococci, alone or together, are the most
frequent organisms.

More rarely, bacillus Friedlander,

bacillus proteus, bacillus pyocyaneous, bacillus typhosus and
various anaerobes are found.

He found that when bacterial

investigations were made in children who developed pyelitis
following grippe infections, staphylococci or streptococci
were found nine times out of ten as the primary organisms
early in the course of the disease, either alone or combined
with the colon bacillus.

Kretschmer {57) in 1921 in a study

of two hundred cases of pyelitis found the following distribution:

Colon Bacilli--132 cases; staphylococci--28 cases;

Streptococci--1 case; Colon Bacilli and Staphylococci together-10 cases; Streptococci and Staphylococci together--2 cases;
and 27 cases were not cultured.
-17-

Campbell (13), who has made

quite an extensive study of the bacteriology of the urine in
urinary infection in children, subdivides the non-tuberculous
bacterial invaders of the kidney according to their gram staining characteristics.

In older literature 90-100~ of renal

infections in infants and children were gram negative bacilli
of the colon-typhoid group and notably B. Coli communis.
More recent studies have shown the incidence of gram positive
cocci and positive staphylococci is extremely high and especially in the early course of the disease.

He has found ~hat

catheterized specL~ens taken during the first thirty six hours
of the manifest clinical disease will show gram positive cocci
in at least 40% of the cases.

Specimens taken after one week

will show high incidence of B. Coli.

This observation has led

to the dual theory of renal infection that the invading gram
positive cocci are assumed to enter the kidney and by renal
injury to produce a fertile field for subsequent bacillary invasion and development.

Campbell (13) in a recent article has

published his findings in the bacteriology of the Urine in
Urinary Infection in 961 children and I think it is a large
enough series to give one a very good idea as to the frequency
of the invading organism in both the chronic and acute case
and therefore important enough to present here.

-18-

BACTERIOLOGY of the URINE in URINARY INFECTION in 961 CHILDREN
Acute
381 cases

B. Coli (unclassified) ..•.••.•.••••••

63

C O!11I1Dllli S • • • • • • • • • • • • • • • • • • • • • • • •

22
10
1

c o!11I1Dlni or • • • • • • • • • • • • • • • • • • • • • • •

Staphylococci (unclassified) •••••••••

s. albus . .......................
s. albus Hemolyticus ••••••••••••
s. aureus . ......................

8

hemolyticus . ....................

0
2
0
6
0

viridans . .......................

0

S. aureus hemolyticus •••••••••••
Streptococci (unclassified) ••••••••••
non-hemolytic ••••..••••••••••••.

Pneumococcus •••••••.•.•.•••••••••••••
Bacillus Proteus . ....................
Bacillus Pyocyaneus . .................
Bacillus typhosus • ...................
Bacillus paratyphosus ••.....•..•.....
A • ••••••••••••••••••••••••.•••••
B• • • ••.....•.. • •.••....•.•.•••• •

Bacillus intermediate •.•••..••.......
Tubercle bacc-1.llus . ..................
Gram positive bacillus . ..............
Gram negative diplococcus •.•.•......•
Diphthero id . .........................

5

2
0
2
0

4
1
1

0

0

0

1

0

mteroc occus . ........................
1
Dysentery bacillus (Flexner) •.....•..
0
Dysentery bacillus (Rosen) •••.......•
1
Micrococcus tetragenus ......•...•..•.
1
0
B. aerogenes capsula tus •.•..•..••...•
2
B. acidi lactici ••.•....•..•........•
Mixed infection . ..................... 25
Bacteria seen, no culture ••...•••..••
2
6
No growth . ...........................
Not recorded . ........................ 244

Chronic
580 cases

.....
......
....
. . .. .
.....
.....

.....
. . . ..
.. . ..

.....
. . .. .

. . .. . .
•••••
•••••
• •• ••

......
....

.. .... .. ..
......
....

. . .. .
. . . ..
. ...
j .. ..
.... .
.....
. ... .
.. ... ...... ...
• ••••

•••••

.

... . ..

368

143
66
12
23
9

Total 253

19
11
13 Total 77

---a
20

0
13
2
0
0

11
8
16

0
10
5
6

0
3
1

0

136
0

44
26

.From this chart one can see that the bacillus coli
is the greatest offender, then the Staphylococcus, Streptococcus and the mixed infections in the order listed.
Since the use of Sulfanilamide in the treatment of
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pyelitis, Helmholz (41) has found that the Streptococcus
faecalis is a much more frequent invader of the urinary passages
than he formerly realized.

He has found on a number of

occasions that a patient with pyelitis, apparently a pure
Escherichia coli infection, was rapidly rid of this organism
by means of sulfanilamide, only to find that the urine, on
culture, then contained innumerable organisms of Streptococcus faecalis .
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THE MODE OF INFECTION
The etiology of pyelitis has been a controversial
subject for many years and much experimental work has been done
to determine whether the ascending route or the hematogenous
route of infection is responsible for organisms reaching the
kidney pelvis.(23)

There are four possible theories as to the

manner in which the bacteria may reach the upper urinary tract
and these are:

(1) ascending infection through the ureter;

(2) lymphogenous transmission directly from the bowel; (3) Hematogenous infection, and (4) transmission through the lymphatic
of the pelvis or the periureteral lymphatics. (26)

The

question of the mode of infection is still an open one.

The

two greatest lines of thought have been along those of hematogenous infection and ascending infection.

The disease has

been produced experimentally both ways, i.e., by blood stream
inoculation and also by bladder inoculation of the ureter or
kidney pelvis and has been obtained in a good percentage in
some series of cases lending caste to t he hematogenous theory
which is discounted by the high percent age of cases in baby
girls 60-95% as compared to baby boys, which anatomically
found.Cthe ascending theory during the d iaper age.

Suffice it

to say that probably the majority of primary infections are
hematogenous while the majority of those cases following acute
gastro-enteritis in the sunnner months are of the ascending
type. (66)

The essayist will attempt to present here a resume

of the possible modes of infection in pyelitis.
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He:ma.toEenous Route
When we speak of the infection reaching the kidneys
by the he:ma.togenous route, we infer that a focus of infection
is present from which the organism extends. (49)

Higgins (49),

Helmholz & Milliken (45), McKay (64), and Bates (3) all agree
that the most frequent site of focal infection in children are
those present in the nose, t.nroat, sinuses, ears, teeth, skin
lesions, e.g., furuncles or paronychiae, and osteomyelitis or
systerrl.c disease such as scarlet fever, measles, typhoid fever,
and grippe.

This constitutes probably the largest number of

urinary infections.

'lhey are usually dependent on some one

of these foci and when the acute focus is eliminated the
urinary condition immediately clears up. (64)

Chaulk, in a

study of 483 cases of acute urinary infection in children,
stated that foci of infection were found in the following order
of frequency:

otitis media, pneumonia, tonsillitis, and gastro-

intestinal disease. (49)

The exact relationship as to how

these foci of infection are related is entirely u.nlmown, but
it has been assumed that the infection of the nose and throat
so lowers the resistance of the patient that it permits the
colon bacillus to acquire a foothold in the urinary passages
where it then sets up an inflammatory reaction.

Furthermore,

pyelitis complicating infection of the upper respiratory tract
or other organs is not caused by the bacteria producing the
primary infection, but almost invariably by the colon
bacillus. (45)

The work of Bumpus & Meisser (45) on the re-22-

lationship of focal infection to pyelitis in the adult, particularly their experimental results with organisms obtained
from teeth, has opened up a new mode of investigation of this
interesting problem.

They were able to show that streptococci

isolated from the teeth of patients suffering from pyelitis,
when injected intravenously into rabbits, tended to localize
in the kidney, and there produce focal lesions.

Furthermore,

they were able to show that with the focus still intact, only
the colon bacillus could be isolated from the urine.

For a

short time after the removal of the focus, both the streptococcus and the colon bacillus were present in the urine. (45)
Helmholz and Beeler (43), experimenting with rabbits and using
an organism belonging to the group of Bacillus Coli Communior
which was isolated from a case of spontaneous pyelitis in a
rabbit, were able to demonstrate that this organism showed a
remarkable specificity for localization in the kidney when injected intravenously.

In 1925, Helmholz & Bowers (47) isolated

a colon bacilli from a case of pyelitis in a young infant which
produced renal lesions in nearly 100% of the animals injected.
The so-called epidemics of pyelitis that have been described
from various European Clinics might well be ascribed to an
organism that, as this organism, has a specific affinity for
the kidney tissue. (43)

Brewer (7) and Smith (82), in 1918

state that the probable course is somewhat as follows:

The

organism enters the blood from the Gastro-Intestinal tract or
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other parts of the body, entering the blood directly or through
the intermediary of the lymphatics, then pass with the blood
into the kidney through the glomeruli, do,m the tubules, and
out at the pelvis.

During the passage through the kidney they

may or may not cause an infection. (82)

However the experi-

ments on excretion of bacteria in the urine are contradictory,
and whether the organisms may pass through the kidneys vathout producing lesions is questionable.
Bates found that following the intravenous injection
of staphylococci colon bacillus 9y anthrax bacilli,organisms
could be recovered in the urine within five or ten minutes.
Serial sections of these kidneys often failed to demonstrate
lesions, which fact would tend to show the physiological nature
of such an excretory phenomenen, as the time would be too short
for pathological changes to take place.

On the other hand,

some observers have claimed that the glomeruli are impervious
to the passage of organisms, and that the lesions are always
found in the kidney when organisms are excreted in the urine. {3)
Gittings, however, believes that organisms may pass through an
organ without setting up any recognizable disease, as occurs
when typhoid bacilli pass through the kidneys.

However if the

virulence of the organism is increa~ed or great, or the number
of the organisms are large , or the local or general resistance
of the patient is low, the various organisms which are brought
to the kidney by the blood stream may set up focal disease in
the parenchyma or cortex, or may pass through and cause infection
below the secreting structures, primarily in the pelvis. (26)
- 24-

In being excreted at the pelvis an inflammatory process occurs,
causing the disease pyelitis.(82)

The chief argument in favor

of the hematogenous route is the frequency with which the colon
bacillus and staphylococcus have been demonstrated in the
blood of patients with kidney infections as well as the presence
of bacteria in the blood occurring before bacteria were found
in the urine.(3)
1Ihe lesions found in both colon bacillus and coccus
infections of the kidney point to the theory that the infections are a pyelonephritis rather than a true pyelitis-the pelvis of the kidney being involved secondarily.(9)
Helmholz, {31) by means of complete cross section of rabbits'
kidneys in which kidney infections were produced by intravenous
injection of organisms, was able to demonstrate that the
lesions produced tended to localize in the kidney substance
and in the pafl-lla and adjacent lining of the pelvis.

Wilson

and Schloss (97) who reviewed the postmortem examinations of
49 children and infants whose urine contained pus during life,
some as long as two years before death, found that in only two
was there definite evidence of inflammation of the pelvic mucosa.
They found that in practically all there was definite evidence
of suppurative interstitial nephritis.

In those who had re-

covered from so-called pyelitis, there were scars found showing that there had been a suppurative interstitial nephritis.(97)
Th.is evidence also tends to support the theory that the hematogenous route infection is a suppurative interstitial nephritis
and the pelvis is involved only secondarily.

I

-25-

Mo ore l72) also

agrees with these findings.

Roger L. J. Kennedy's (55) ex-

periments with rabbits in which hematogenous lesions were produced experimentally and studied in detail, demonstrated that
the hematogenous lesions were found to occur first in the
cortex and medulla.

However in these experiments he found

that the process spread rapidly to the entire kidney, so that
after 48-78 hours it was impossible to tell how the lesions
were produced.

Helmholz (33), as well as Kennedy (55), was

able to demonstrate that obstruction did not favor localization
in the kidney of organisms injected intravenously or did injury
to the kidney by a variety of nephrotoxins; by trying the renal
artery and vein for varying intervals up to ten minutes did
one hasten the passage of organisms from the blood into the
urine.(33)

It is to be emphasized that in every instance,

both in human beings and in experimental animals in which early
lesions occurred, the pelvis participated in the process. (55)
'lhe staphylococcus is the organism which in man and
in the experimental animal discloses the greatest tendency to
become localized in the kidney when it is present in the blood
stream.
staphylococcal pyelitis is seen secondary to similar
infection of the skin, glands, bone tissues around ingrowing
toe-nails, etc. (32)

Helmholz (33) found that by injecting

staphylococci into the blood stream an infection of the kidney
was produced and pyuria established.

Colon bacilli were then

injected intravenously to study the relationship of this bacteria
in these infections and it was supposed that the colon bacilli
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would rapidly enter the urine, gradually replacing the
staphylococci, but in a series of sixteen experiments, covering a period varying from a few hours to ten days, the colon
bacillus was isolated from the urine in only two instances.
In experiments in which the colon bacilli and staphylococcus

were injected sinD.lltaneously, the colon bacilli appeared in
the urine from 24-48 hours after the staphylococci.(33}
It has for a long time been a question as to wnether
infections of the colon-aerongenes group are hematogenous or
are ascending infections.

Colon bacilli frequently appear

in the urine as secondary invaders after streptococcal or
staphylococcal infections, but probably they do not enter by
way of the blood stream.

The infrequent finding of an

organism of the colon aerogenes group in the blood cultures
as compared with the frequency with which one of the cocci is
found, and its frequency as the etiologic factor, tend to
indicate that it enters tne urinary tract by route other than
the blood stream.

Experimental work also bears this out.(32)

As_c~e~nding ,Bpu te
The preponderance of opinion today is tnat infection
of the renal pelvis is by the ascending route from the bladder.
If so, does the infection ascend through the lymphatics or
directly through the lumen of the ureter.(2)

Helmholz,(32)

Bates,l3) Burdick,(11) Cameron,ll2) and Gittings (26) believe
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that in favor of the view that infection is ascending are the
frequency of such infections during the diaper age in females,
the preponderance of bacilluria in females during the same
period, the infrequent finding of colon bacilli in the blood,
and the difficulty of producing the disease by intravenous injection as compared with that caused by the staphylococci.
Ascending infection will be considered here in view
of its two possible pathways--Lymphatic, which may be either
transparietal or periureteral, and by direct ascent within the
lumen of the ureter itself.
a. L~hatic route
The so-called transparietal infection from the gastrointestinal canal to the kidney has not been definitely proved(32)
However it is believed that direct transfer of bacteria from
the colon to the kidney via the lymphatics is possible(82)
Francke is the exponent of the transparietal mode of infection
of the pelvis.

He was able, by means of infection, to show a

direct connection between the lymphatics of the colon and the
right kidney.

Whether there is a connection to the left kidney

is not quite certain.

This demonstrates that the bacteria can

pass, but whether they do bas not been proven.(26)(43)

The

connection is more intimate on the right side, and pyelitis
when unilateral is more common on the right side.l82)

This

connection of 1-ymphatics has been used to explain the more frequent occurrence of right-sided lesions.

Chown,(16) however,

questions the tentability of this hypothesis, and suggests the
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possibility of the weight of an enlarged liver pressing on the
right kidney which might lead to stasis and so to increase
permeability of the kidney should bacteremia be present.(16)
John Frasen of Edinburgh found a great frequency of the left
side which he explained by direct extension from the overlying colon.(74)

R. Ture1(91) has shown that stasis of fecal

current and inflammatory and suppurative disease of the anorecto-colonic tube are capable of producing and perpetuating
uro-infections.

li.

L. Kretschmer,(57) also holds these views,

and Bugbee(9) also stressed the influence of stasis of fecal ·
current on the various forms of pyelomephritis.

Occasionally

pyelitis results from an infection breaking directly into
the urinary tract, as from a cold abscess, from an inflamed
appendix, or from a suppurating lymph node lying in the pelvis(32)

In 1910, Bauereisen, following the technic of Gerata,
showed lymphatics in the subnru.cosa of the ureter and demonstrated anastomosis between them and the lymphatics of the
nmscular coat and the periureteral tissue(2)

Stuart and Sweet

maintained after experiment that infection traveled up the
lymphatics from the bladder to the renal pelvis.

They divided

the ureter and demonstrated that infection of the pelvis
occurred none the less, but division of the ureters produced
an entrance by which organisms could get into the blood stream
and it was then possible that they were carried by the blood
to the pelvis of the kidney.{87)
Helmholzl32) is of the opinion that the evidence of
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lymphatic involvement of the ureteral coats probably represents a process of infection carried out toward the draining
lyinph nodes rather than an infectious process extending from
the bladder upward in the ureteral coats with involvement of
the pelvis wall.

Folsom(21) states there is a group of rudimen-

tary glands, analogous to the prostate in the male, situated
around the posterior female urethra and opening into it.

He

believes that these glands constitute a definite focus of infection and should be studied more carefully.

He believes that

the lymphatics draining this infection pass along under the
trigone, present it to the ureteral lymphatics and it then
passes up and produces a frank pyelitis.

He has found that re-

moval of this focus will give cure as does removal of other
foci, such as tonsils and teeth.

Richard Smith(26) has pointed

out that contamination of the female with gastro-intestinal
bacteria involves other structures than the urethra.

He found

positive cultures from the vagina in each of forty babies and
young children beginning from the sixth hour to the sixth day
of life.

The lymphatics which drain the vaginal and pelvic

organs have a free anastomosis with those of the kidney and both
of course empty into the blood stream through the thoracic duct.(26)
Whether or not infection of the kidney can take place by way
of the lymphatics in the ureteral wall is still uncertain.(3)
b. Infection ascending

in

the Lumen of ,!ill& Ureter

The chief argument in favor of ascending infection
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I

through the ureter is the preponderance of cases among girls(12)
In Brewer 1 s(7) experiments he was able to conclude that in

the great majority of acute infections of the urinary tract
the infectious material was carried upw.ard to the kidney by a
reflux of contaminated urine into the ureter and renal pelvis
through the ureteral orifice as a result of some interference
with its protective mechanism.

'.Ihe factors which favor this

are listed in order of importance:

a. Chronic obstruction

to the normal bladder outflow.

b. Acute cystitis inter-

ferring with spinchter action.

c. Ureteral inf'lammation

interferring with spinchter action.
from spinal injury or disease.

d. Ureteral paralysis

e. Temporary paresis of the

ureteric spinchter by passage of large ureteral calculus.
He believed that in certain rare cases the process occurred by
direct extension along the mucous membrane of the ureter, but
this has not been proven clinically or experimentally.(?)
In 1890 Guyon and Albarron injected virulent pathogens into
the bladder but found they produced no lesions, but if associated with retention infection resulted.

Zemblinoff sought to

explain the ascent of the micro-organisms through the ureter
during retention by an anti-peristaltic action on part of the
ureter musculature, but Guyon and Albarron explained it due to
the motility of the organisms.

In 1894 Courtade and Guyon tended

to show that the protection of the kidneys against ascending infection lies in (a) constant downward current in the ureter,
and (b) the intravesical portion of the ureter acting as a

protective mechanism.

In 1899 Albarron, reviewing the entire
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subject, stated that the clinical condition necessary for the
ascent of a given vesical infection to the kidney was an
incomplete urinary retention from some urethral obstruction.(?)
The chief argument in favor of ascending infection
through the ureter is the preponderance of cases among girls-almost three to one, (Box(74) reports four to one), and the
ease with which the urethral orifice in girls is contaminated
with intestinal bacteria(26).

Helmholz(31), and also Kennedy(55)

were able to produce pyelitis by the intracystic injection of
bacteria, but found that the lesions produced tended to
localize in the small finger-like projections of the parietal
wall of the pelvis.

It was clear that the infection often

reached the kidney by way of the periureteral lymphatics but
absolute proof was lacking of the entrance of bacteria into the
pelvis solely through the lumen of the ureter(31).

That in-

fection, by either the ly:tilphatic or by way of the ureteral
lumen route, occurs under normal conditions when comparitively
few bacteria gain access to the bladder in human beings seems
most unlikely.

This is increased by the fact that Helmholz in

his experimental animals found acute inflammatory reaction in
the wall of the bladder after intra-cystic injection.

If

pyelitis in children is caused by organisms that gain entrance
through the urethra they would be expected to set up first a
cystitis, where as cystitis usually is only a late complication of severe cases.(26)

Helmholz(32) has observed that the

mere introduction of bacteria into the bladder will not produce cystitis, so that some other factor is necessary to bring
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about inf'ection.

Noeggerath has observed changes in the

mucous membrane of the bladder following exposure to cold
that may represent such a predisposing factor in the inf'ection.
Helmholz is of the opinion that when bacilluria or cystitis
is present, infection of the upper urinary passage is accomplished by regurgitation or by direct extension upward within
the ureter.(32)

Cameron(l2) feels certain that organisms

reach the bladder from the urethra and the bladder itself
appears to have resistance to the inf'ection of these organisms.
He presumes that inf'ection of the lining membrane occurs only
when the organisms reach the higher urinary passages by ureteral
reflux.

Ba.tes(3) believes this reflux is probably due to the

simultaneous increase of systolic vesical pressure and the
opening of the ureteral orifices.

V.

c.

David(l9) has claimed

to have shown that without periureteral and peripelvic inflammation pyelitis can occur by infection ascending through
the lumen of the ureter.
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TREATMENT
.Andreas Ritter von H~ttenbrenner, who was the first
to call attention to the frequency of pyelitis in infancy and
childhood, treated his cases of pyelitis and advised the following treatment:

Treatment is from eight days to three or four

weeks and during this time the child should be kept in bed
as long as fever is apparent.
open air may be allowed.

Later moderate excerise in the

The food should be easily digesta6le

such as soup, milk, and fresh vegetables.

Meat should be

avoided for a few days until the quantity of pus decreases
and then some rare meats might be added to the diet.

One

should avoid all sharp diuretics as they only irritate the
kidneys.

For dilution of the urine, various mineral waters

(Preblaner, GresshRbler, or Emser KrMnchen) in large quantities
may be prescribed, and during this time little of the ordinary
drinking water should be taken.

Children who have once had

pyelitis are susceptible to recurrence.(80)
Fluids
Since the days of Huttenbrenner,
the forcing of
"
fluids has been considered imperative.
able route are to be encouraged(20) •

Fluids by any avail.As many

authors agree,

washing out of the urinary tract is the most important feature
in the treatment of pyelitis.(96)

The administration of large

amounts of fluids serve to reduce the toxic effects of the
infection and to wash out as rapidly as possible the bacteria
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and toxins in the urine, thus preventing their absorption.
If' pushed too far, however, it may lower resistance and pro-

duce edema.(32)

Helmholz believes that at least 1000 cc of

fluid each 24 hours should be given by mouth if possible and
believes they are better if 5-10% solutions of dextrose are
used.

One can give up to 10 grams per kilogram of body weight

each 24 hours(38).

Diluted fruit juices and charged water are

preferred by some, but not by many.(32)

Infants who refuse

their food and will not take water can be made to take from
o.5 to 1 liter of fluid over a 24 hour period if given 5 to
10 cc by medicine dropper or teaspoon every ten to fifteen
minutes.

If the child is vomiting, the stoma.ch tube may be re-

sorted to or 60-lOOcc of fluid each 2-3 hours may be given by
sigmoidal instillation, or the Murphy drip may be used.

Fluids

may be given in large amounts by the intraperitoneal route
using a o.4~ sodium chloride solution; 100-500 cc may be given
this way and absorption is very rapid.

If anuria is present,

a 20% dextrose or sucrose solution may be given intravenously
(32) (38).

If' diarrhea is present or develops, fluids may be

given subcutaneously, intranru.scularly or intravenously.
the patient is quite toxic, a

If'

5% glucose in normal saline

should be used.(32)
Alkalinization
AI3

in forcing of fluids in treatment of pyelitis

many authors agree in addition alkalis has brought the best
results.(96)

In taking up the value of alkalinization from the

historical standpoint, Thompson of Edinburgh seems to have
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first emphasized the value of alkalinization of the urine on
purely empiric grounds.

He has given no theory or action,

nor has anyone given us a satisfactory explanation of its
value.

Browning says the change in reaction of the urine

causes the tissues to be bathed in a fluid which is more bland
and thereby enables them to combat the infection more effectually.

Normal urine is slightly acid, so that the normal

mucous membrane of the urinary tract is developed to withstand these degrees of acidity without damage.

Whether this

applies also to an in:flannned mucous membrane has not been determined.(30)

Helmholz{46) experimenting with rabbits, used

alkalis in infections of the bladders of the rabbits and his
experiments showed that the use of alkalis definitely increased the output of urine and may have some affect on the
diminution of bladder infection, showing that the large urinary
output may be a factor in clearing up in:fection of the urinary
tract.(46)

Helmb.olz(32) has shown that a pH as acid as 5.0 or

as alkaline as 9.2 is necessary to affect bacterial growth in
urine •

.Alkalinity beyond pH 8.4 practically is never obtained,

so that there is no possibility of affecting the growth of
bacteria in the urine by alkalinization, which has been the
accepted mode of treatment in acute pyelitis.(32)

.Alkalini-

zation of the urine per~ has no bacteriocidal value.

'Ihe

coincident alkalinization of the patient, however, helps to
combat acidosis, and commonly causes a striking improvement in
the child's general condition, yet the urine shows no improvement.

It is solely to combat acidosis that the liberal em-36-

ployment of chemical alkalinization has been advocated.(14)(69)
The alkalinity or acidity of the urine can be
affected by the diet.

Certain foods such as milk; such fruits

as oranges and apples; and such vegetables as potatoes and
carrots will produce an alkaline urine.

Meat, eggs, oatmeal,

rice, wheat-bread, cranberries, peanuts, prunes and plums will
produce an acid urine, but these diets will not produce bacteriostasis.(32)

Chemical alkalinization by the use of sodium

bicarbonate and sodium or potassium citrate have been advocated.
(14)

The accepted dosage for infants less than six months of

age is usually to begin with 0.5 grams of each, four times a
day, and increase by half of this d6sage until the urine becomes alkaline.(38)

This dosage may be doubled for older

children.(32)

-

Acidification
Acidification of the urine of sufficient degree to
kill bacteria is irrational therapy in acute renal infection
while the child is acutely ill and perhaps even vomiting.

His

alimentation is seriously derranged and all urinary antiseptics should be witheld, giving only sodium bicarbonate until
dig estion is reestablished.(14)

However, after the acute

stage, acidification, since the introduction of the acid salts,
calcium chloride, ammonium chloride and anm1onium nitrate, in
place of sodium acid phosphaLe and benzoic acid has made it
possible to achieve a lowering of the acidity of the urine to
as low as pH 4.48.

At this level it is possible to inhibit

definitely the growth of certain organisms.
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A diet that is

acid producing, as previously mentioned, combined with the
acid salts, will give a maxinru.rn lowering of the pH of the
urine.(32)

Along with,this adding small doses of methenamine

0.2 grams each six hours will help in curing the infection.
Methenamine has, of course, long been used as a urinary antiseptic, and its action is due to the proction of formalin in
an acid urine.(56)(96)

Helrnholz has observed that the effective-

ness in urinary infection of methenamine was in direct relationship with the urine pH and noted t hat this drug was
most effective in a urine of pH 5.0-5.5 or less.(48)

To

pro-

duce this degree of urinary acidity ammonium chloride is useful and maybe administered in large amounts, e.g., 4 grams daily
to a child six years of age.

Helmholz and Milliken (46) in a

series of cases treated with methenamine showed definite improvement without the concentration of formaldehyde ever
reaching the point deemed essential by many observers.(46)
Helmholz found methenamine to prove useful in chronic cases
and found it to work best in chronic cases.(38)
A satisfactory method of treatment is as follows:
Fluid is given up to 1000 cc daily with armnonium chloride in
amounts from 9-45 g. in divided doses until the urine is
sufficiently acid.

The pH may be tested by the use of methyl

red paper which changes from yellow to pink at a pH of approximately 5.5.

When this point is reached methenamine is given

with ammonium chloride in amounts from 6 to 22.5 g.

This

drug is given until the urine is steril e and then discontinued.
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Following this, three consecutive sterile urines should be
obtained before considering the infection cured.

If the

urine is not sterile the medication should be increase.(56)
Hexamethzlamine

Hexamethylamine combined with some other medicament
which will acidulate the urine is another form of therapy.(2)
Hexamethylamine with ammonium chloride o.75-1 Gm each 4 hours
has been advocated but was unfavorable because of the marked
irritating affect on the gastric mucous membrane; and this is
only appreciated by those who have taken the drug.(2)

Helm-

holz experimenting with animals which he had infected with
colon bacilli and staphylococci found hexamethylamine more
effective in treatment than hexylresorcinol or mercurochrome.
He used this drug successfully in chronic infections of children in which hexylresorcinol had been tried unsuccessfully.
These were uncomplicated cases.(33)

The use of this drug has

been largely discontinued since the introduction of the ketogenic
diet, mandelic acid and sulfanilamide.
He2Q:lresorcmol
Hexylresorcinol is another drug that has been used
in treatment of urinary infection and qualifies as an internal
urinary antiseptic because it is a stable compound, is
bactericidal in high dilution of urine or any reaction, and
when administered by mouth is non-toxic and non-irritating to
the urinary tract.

Leonard found the drug useful in colon
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bacilli and staphylococci, but found that its bactericidal
power is reduced because the bulk of each dose is excreted

•

in an inert conjugate.(60)

Damon A. Brown reported the

results of 63 cases and found that staphylococci, as did
Leonard, cleared up rapidly and completely, but infection with
B. coli was not very resistant to the bactericidal affect of
this drug.(8)

Scott and Leonard report a series of twelve

cases of pyelitis in children treated with hexylresorcinol but
had only four cures.(81)

Helrnholz tried hexylresorcinol in

treatment of chronic pyelitis in children and an average dose
of 0.15 gms was given three or four times a day.

An analysis

of his fourteen cases showed that in only one did hexylresorcinol bring about sterilization of the urine.

In six of nine

uncomplicated cases of pyelitis, bacteriologic cure was
achieved with methenamine in from one to three weeks.(34)
Universally the results of hexylresorcinol have not been so
good.
Ke~~ogenic Diet
In 1931 Helmholz and Clark(48) introduced the

ketogenic diet as a means of treating pyelitis in children.
In a chance observation of a specimen of urine from a patient

on the ketogenic diet for treatment of epilepsy, Helmholz
found it to be clear and apparently unspoiled after standing
in a warm room for about one week.

It seemed possible that

patients in ketosis excreted bactericidal urine.

On May 12

and following days Helmholz took a number of specimens from
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patients under treatment for epilepsy with the ketogenic
diet, and determined the pH as well as the bactericidal
power of the urine.

He found there was considerable varia-

tion in the pH of the urine as well as the bactericidal
power, and the bactericidal power of the urine did not vary
directly with the degree of acidity.

He found that urine of

pH 5.1-5.62 was bactericidal containing ketone bodies.

In

controls he found the bactericidal actions were never observed when the normal urine showed a pH 5.2 or higher so
the bactericidal action of the urine of pH 5.3-5.8 was obviously due to some substance or substances that were bactericidal for other reasons than the acidity.

They tried this

treatment in 2 patients with anomalies of the urinary tract
and had rapid cures.(48)
Fuller(24) in 1933 carried out experiments to
isolate the substance or substances in urines from ketogenic
diet patients and found that the levorotatatory Beta Oxybutyric
acid was the active agent in inhibiting growth of bacteria in
the urine from patients receiving the ketogenic diet and that
the activity of this substance increases in proportion to the
acidity of the urine.

However he found that the difficult and

unpalatable ketogenic diet could not be replaced by the administration of Beta hydroxybutyric acid because that acid is completely oxidized in the body.(24)
Helmholz treated two patients with anomalies of
the urinary tract which were rapidly cured of urinary in-
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fection by means of the ketogenic diet.(48)

J.B. Rennie (78)

treated six cases with the ketogenic diet and concluded that
the ketogenic diet was of little value as a curative agent in
the treatment of pyuria associated wi t h abnormalities of the
urinary tract.
of six cases.

Tre a tment was successful in three of his series
A. T. Fuller(24) in the isolation block of the

Queen's Charlottes Hospital, treated 40 patients, most of
whom had a heavy urinary infection by B. Coli and allied organisms, and had very satisfactory clinical results(24).
Sunnnerfeldt, Johnston, & Ka.kke(88)reported 14 cases of persistent pyuria which were treated by means of the ketogenic
diet and found the urine could be made sterile in 65% of the
chronic pyelitis cases(88).
In the administration of the ketogenic diet the food
must be actually weighed, 50 calories per kilogram of body
weight, all-owing l gram of protein per kilogram of body weight,
10 grams carbohydrate and balance of diet in fat.

To render

the urine bactericidal it is necessary to fulfill t wo conditions.

'lhe concentration of B-hydroxy-butyric acid in the

urine must be at least 0.5% and the pH of the urine must be
5.5 or less.(48)
Although the ketogenic diet has been found very
useful in the treatment of pyelitis in children it is objectionable because it requires rigid supervis ion both of patient and
of the diet.

It is therefore unsuitabl e outside an institu-

tion and patients with chronic infection of the urinary tract
are not ill enough to require in patient treatment.(79)
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Mandel ic Ac id
Because of the afore-mentioned objection to the use
of the ketogenic diet in the treatment of urinary tract infections, Rosenheim was lead to attempt to find an acid that
would have the same or better bacteriostatic powers than that
of B-hydroxy-butyric acid.

He thought that a keto acid or

hydroxy acid might be found which would combine the effective
bacteriostatic power of B-hydroxy-butyric acid which would escape metabolic changes in the animal organism and be excreted
in the urine by the kidney in a concentration sufficient for
bactericidal action.(67}

Rosenheim, using urine as a medium,

tested the efficiency of several of the acids as bacteriostatic
agents.

Of the Alphatic acids tested, B-hydroxypropionic and

laevulinic acids were found to possess satisfactory bacteriostatic powers , but it seemed unlikely that the former could
escape oxidation in the body, so it was not further investigated.

No good results were obtained with laevulinic acid.

Of the aromatic acids, benzoylactic and mandelic acid were
selected for further trial.

Benzoylactic acid had the

strongest bacteriostatic power of any of the acids tested and
had no toxic effects.

Tb.is acid was apparently rapidly ex-

creted and urine rendered bacteriostatic.
patients but neither was cured.

It was given to two

Mandelic acid, which in 1883

and 1905 was shown by Schatten and Knoop respectively to be
excreted unaltered in the urine following administration to
a dog, was shown to be non-toxic to man, and in the presence
of an acidosis produced by ammonium chloride, was very
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bacteriostatic.(79)

Since Rosenheim discovered the value of

mandelic acid it bas almost entirely replaced the ketogenic
diet in the treatment of urinary infections because of the
ease with which it is administered.(32)
Rosenheim used 12 g. of mandelic acid daily in
divided doses, whilst the fluid intake was limited to two
pints.

At the same time the acidity of the urinei.liis increased

by the administration of ammonium chloride, 1-3 g. to the ounce
and just neutralized by soda bicarb. 1.6 g. and flavored with
lemon.

On• e ounce of this mixture is given four times a day

with 8 cachets, each containing 1 g. of ammonium chloride.(79)
Hollings and Platt(50)as well as Marshall(67), Helmholz(32)
and many others have found that ammonium mandelate is as
effective as the sodium salt and when it is used it is usually
~cessary to give the unpleasant tasting annnonium chloride.(50)
This form is changed to Mandelic acid and urea in the body and
is considered the most satisfactory form for effective treatment.(67)

Helmholz (32) has found that mandelic acid is best

administered as a syrup which contains 40% of the ammonium salt
and 0.5-1 gram of the ammonium salt should be administered four
times a day to infants and 2-3 grams four times a day for
children 6-15 years of age.
ily in suppositories.
the same dosage.(32)

It can also be given satisfactor-

Calcium ma.ndelate may also be given in
Since this salt is hyd.roscopic, it is

most conveniently administered in liquid form, but it is
desirable to restrict the fluid intake in order to avoid ex-44-

cessive dilution(67).

Newns and Wilson(75) give the follow-

ing table for dosage:

Under six months of age, 7~ grains;

six months to two years, 7½-15 grains; two to five years,

15-22~ grains; five to twelve years, 22.5-30 grains four times
a day.(75)
Investigators have shown it is therapeutically active
when found in a concentration of 0.5-1% in a urine of pH 5.5
or below.(32)

The acidity of the urine can be tested by the

addition of five drops ' of methyl-red solution to 2 cc. of
urine.

This gives a bright pink color if the urinary acidity

is satisfactory, but an orange or yellow color if it is too
alkaline.(50)
Rosenheim (79), Lyons and Dunlap (63), Hollings and
Platt (50), Newns and Wilson (75), Helmholz (40) and Marshall(67)
have reported favorable results in a large series of cases.
Lyons and Dunlap (63) treated 16 cases, giving the drug as
suggested by Rosenheim and their results seem to suggest that
in mandelic acid a really efficient urinary antiseptic has been
found--confirming the original claims made by Rosenheim.
Hollings and Platt (50) reported 29 cases of urinary infection
treated with mandelic acid and 24 showed sterile urine within 2-21 days •

.Ammonium mandalate was used in these cases.

Newns and Wilson (75) treated 36 cases and of these only 9
had relapses.

Three of these had urinary anomalies and two

were affected with organisms other than B. Coli.
yield readily to mandelic acid therapy.

Such do not

Marshall (67) in a

series of more than one hundred cases treated with mandelic
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acid ranging in ages from five months to eleven years, has
found that recurrences have been fewer than experience in
the older methods of treatment.

Carey (15) treated 40

patients with mandelic acid and 32 of the 40 were successfully tr~ated.

Of the 8 unsuccessfully treated, anomalies,

diminished kidney function and improper urinary pH was blamed
for failure.(15)
Investigation has shown that mandelic acid is useful in all cases of urinary infection caused by the organisms
of the colon aerobacter aerogenes group, negative bacilli,
staphylococcus aureus or streptococci faecalis.(32)

Newns

and Wilson (75) have found that ma.ndelic acid was not successful in treatment of B. Proteus annnoniae or B. Mucous pyelitis.(75)
Since the advent of sulfanilamide the field of
mandelic acid has been narrowed considerably, but the latter
drug is still very useful not only in streptococcal infections
but also because of its action on all bacteria, cocci and
bacilli alike, and especially in the treatment of pyelitis
caused by the bacillus faecalis.(40)
Sulfanilamide
The literature on this drug is tremendous and since
its advent it has proved very valuable and efficacious in the
treatment of urinary infections.(65)

Two drugs at present stand

out prominently above the rest, viz., mandelic acid and
sulfanilamide, and it is a problem as to which of these drugs
to use and

my.

mandelic acid~

Sulfanilamide has a number of advantages over
a. It can be given during the acute stage of
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infection, its bactericidal effect not entirely dependent
on the reaction of the urine, although it acts better in
alkaline urine,(41) experimentally a pH of 7.0-7.5 is best,
but clinically a pH of 6.5-7.2 is satisfactory.(18)

It

usually produces an alkaline urine by washing out of alkali.
It is therefore well to give from 10-15 grains of sodium
bicarbonate three times a day witn sulfanilamide in order to
prevent acidosis.(41)

b.

It is excreted in bactericidal

quantities by kidneys that are so severely injured that the
concentration of urea is from 75-100 Mgm % in the blood.
c.

It is easily and readily taken by infants and children

by mouth and if not tolerated because of gastric irritability
it can be given subcutaneously or intravenously.(40)

d.

It

is easier to carry out than is the ketogenic diet, methnenam.ine,
or mandelic acid.(41)

e.

It is successful in urine which is

alkaline because of urea-splitting organisms.(41)
Its claim to the title of the best urinary antiseptic however, when considered from all points of view, is
spoiled by its complete ineffectiveness in infections with the
streptococcus feacalis.

It represents, however, a great ad-

vance in therapy because of its value in the acute stage of
pyelitis, in conjunction with alkalinization, because of its
effectiveness in the alkaline cystitis and pyelitis caused
by the Proteus amrnoniae; but particularly because of its
effect in cases in which the concentration of urea in the
blood is greater than 50 Mgm %•

No other drug has ever

proved effective in this last group of conditions.(42}
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Sulfanilamide has a directly bactericidal action
in urinary infections caused by the staphylococcus aureus,
eschericha coli, aerobacter and proteus.

Single infections

are more readily eliminated than the mixed.

Compared with

mandelic acid in a series of cases, sulfanilamide was found
to be a more potent urinary antiseptic even when used in
moderate dosage or when frequently discontinued because of
disagreeable symptoms.(95}
Carey (15} treated 41 patients with sulfanilamide
and had only one recurrence.

Sunnnerfeldt and Mitchell (89)

found that urinary infections in children respond well to
sulfanilamide therapy and in their cases 75% were cured.
Bigler and Haralombie (6) state they find this drug superior
to other drugs in its effect on most i nfections of the urinary
tract, especially those due to B. coli, Bacillus aerogenes,
B. Proteus, B. Typhosus or paratyphosus, some staphylococci,
and streptococci, except the streptococci faecalis, beta
hemolytic streptococci of Lancefield group D and the small
members of group G. (6)

Mitchell, Gray and Lewis (70) also

confirm these results.

Helmholz (41) finds that a rapid re-

covery from both acute and chronic infections is likely vhen
the infected organism is any one of the group of gram negative bacilli, escherichicoli, aerobacter aerogenes, salmonella,
proteus vulgaris or proteus ammoniae.

'lhe same applies to

staphylococci infections of the lower portion of the urinary
tract.

Psuedomonas inf'ections are more difficult to cure.
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The excellent results in treatment of infection with the
bacillus proteus armnoniae should be emphasized because it,
in particular, is resisted by methenamine and mandelic acid
treatment as well as the ketogenic diet.

He also finds

sulfanilamide ineffective in treatment of the streptococcus
feacalis.(41)

Sulfanilamide besides failing in treatment of

streptococcus feacalis also does little good in pyelitis
associated with calculus or cystitis with obstruction.(65)
Helmholz believes sulfanilamide should be used in
doses only about two-thirds as large as those necessary for
streptococci infections, viz., 10 gr.(0.65gm.) a day for each
twenty pounds of body weight.

This dosage may be increased

to 15 gr. per twenty pounds of body weight for a short time
if necessary.

It is well to give 10 gr. of sodium bicarbonate

to infants and 15 gr. to older children four times a day in
order to prevent acidosis. (42)
Long (15) recommends that a level of 200-400 Mgm.%
should be maintained in the blood stream and recommends 15 gr.
per twenty pounds body weight, but it is possible to increase
the urinary cone. with the blood cone. by cutting down on
intake of fluids.(15)
The drug should be given 4-6 days after the urine
becomes sterile and then 3-4 days allowed to elapse, and
sterile cultures should be obtained for cure.(41)
M&B

693
Since the introduction of sulfanilamide numerous

derivatives have been introduced.
-49-

Of these M&B 693(sulf-

phanilylrunino pyridine has been tried in urinary infections
by G. Melton.

He tried this in 71 cases of urinary infection

and in 56 the infection disappeared and in the rest symptoms
were relieved.

In Vitro experiments on various strains of

B. Coli it is suggested that M&B 693 is a more powerful
bactericide than sulfanilam.ide.(68)

'lhis work has not been

confirmed as yet by other workers.
Draina~ fti Urological Co~_µl ~atio-11
Campbell recormnended that if the patient with evidence of acute renal infection shows no improvement during
five days with conservative medical therapy, a complete
urologic examination is indicated.(13)

Or when stasis in the

urinary tract is suspected because vf chronic pyu.ria or
bacilluria, a more complete urological examination should be
instituted.(39)

Closer cooperation between the pediatrician

and general practitioner and the urologist will save many
from deaths in later life from renal insufficiency.(41)
Many cases run course without treatment and the larg~st '
group put on medical treatment will recover; but the third
group is the one in which the particular victims of everrecurring attachs and relapses of acute pyelitis.

'Eb.e prob-

lem in this group concerns itself chiefly and mainly with a
determination to ascertain the reason for the persistence of
pus and bacteria in the urine.

As a rule these patients all

have been examined for foci of infection (tonsils, sinuses, etc.)
and their gastrointestinal tracts have been put in order.
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T.hey have had all sorts of alkalis, vaccines, etc. and still
pyuria persists.

In these cases then, urologic consultation

should be sought. (58)
carried out:

T.he following procedure should be

Blood urea determination; phenolsulphonphthalein

output and residual urine should be determined; x-rays of
bladder, ureters and kidneys should be made; then cystoscopic
examination and ureteral catheterization for a culture and
different function tests; and lastly a retrograde pyelogram.
In the presence of stasis the choice of treatment depends on

the findings or the functional capacity of the kidney.(39)
Free urinary drainage can usually be established by the
passage of a catheter to the pelvis, to the ureter, or to the
bladder according to the point of obstruction.

Occasionally

the catheter must be fastened in dwelling for a variable
period until the anatomic diagnosis is established and the
necessity for surgery treatment is determined. (13)

Moser

also suggests that the patient should be allowed to sit up in
bed to facilitate drainage of the pus.(73)

Vermooter,(94)

However, suggests that raising of the foot of the bed facilitates drainage because this tends to keep the kidney in a high
normal position, thereby keeping the ureter straight and
promoting better drainage.

T.his along with bountiful amounts

of fluid in his cases resulted in a marked shortening of the
febrile period of acute pyelitis and seemed to aid the urinary
tract in overcoming the infection.(94)
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Pelvic Lavage .fil:1h Silv~er Nitrate
Kretschner and Helmholz (44), Stevens (86),
Kretschner (58) and Moser (73) all agree that pelvic lavage
with silver nitrate is beneficial.

Kretschner and Helmholz

treated eleven cases of pyelitis <which were resistant to other
forms of therapy)this way with favorable results.(44)
Gordon Craig treated thirteen cases and got nine cures and
two relieved.(58)

There were no unfavorable complications in

the cases treated this way. (44)
Vaccines
Smith (82) and Kretschner (57) have tried vaccines
in many cases alone and in conjunction with other treatments
but have discontinued their use because of negative results.
Both stock and autogenous vaccines have been tried with negative
results.

As

far back as 1922, Coureaux, Philibert and Cordey,

and in 1925 Munther, Boenheim and Zdonsky treated infections
of the urinary tract by subcutaneous injections of bacteriophage.
The therapeutic effect of these filtrates are attributed to
the protein of the dissolved bacteria which is in the form of
a very readily available antigen; to the transmissibility of
lytic agent; to the foreign protein shock when the material is
injected; and to a combination of the foregoing.(82)

Cline (17)

in using the B. Coli Bacteriophage Filtrate treated fourteen
cases and reported cure in twelve cases which had been resistant to previous medical treatment. 'Jheseresults, however,
have not been confirmed by other workers.
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I

Removal of Foci
To prevent recurrence of pyelitis, secondary to
extra-urinary foci of infection, it is important to remove
all foci of infection at the earliest moment. (32)

Infected

ears should be treated, possibility of latent mastoid infection considered; infection in nose and sinuses should be
taken care of, infection of teeth, tonsils and ears, paronychia
and osteomyelitis, and every evident focal infection should
be treated with the greatest diligence. (2)
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SUMMARY AND CONCLUSIONS
1. Rayer, a French Physician, in 1837 was the first to
recognize and describe pyelitis as an entity.
2. Hilttenbrenner in 1878 first called attention to the
frequency with which the disease occurred in infants and
children.
3. Pyelitis is a very frequent disease of infancy and childhood and the incidence probably lies somewhere between 0.8
and 1.6%.
4. Pyelitis is twice as common in children under two years of
age as after that age.
5. Pyelitis is as common in boys as girls in very early infancy but after this age it is three to four times more co:rmnon
in girls.
6. Predisposing factors are general and local lowering of resistance:
A. General lowering of resistance by acute and chronic
nutritional conditions and other infectious processes and the
constitutional make-up of the child.
B. Local predisposing causes which lower resistance are
urinary tract anomalies causing stasis.

'Ihe incidence of these

anomalies are reported between 1.4 and 13~ in the literature.

c.

Familial factor--only one family reported in the

literature which seemed to have a familial tendency toward
pyelitis.
D. Seasonal factor:

'Ihere appears to be a seasonal
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variation in the incidence of pyelitis, the peaks correspond-

ing with those of upper respiratory disease and gastrointestinal diseases.
E. Age--Pyelitis is seen most frequently in the diaper
age because of easy contamination of the short urethra.
F. Sex factor: Pyelitis in early infancy is just as
frequent in male as female but after this age is much more
frequent in the female.

Many authors believe this due to the

fact that the female urethra is easier to contaminate.
7. Bacteriology:

It is confirmed that all cases of pyelitis

are caused by bacteria.

The most frequent bacteria found are

those belonging to the Bacillus Coli cormrrunis group; the next
most frequent offenders are the staphylococcus, the streptococcus, and then mixed infections in the order named.
8. Mode of infection:

There are four possible routes of in-

fection, viz., the hematogenous route, the transparital route,
infection through the lymphatic route of the periureteral
lymphatic, and the ascending infection through the lumen of
the ureter.

Infection has been produced experimentally by the

hematogenous, the ascending ureteral, and the periureteral
lymphatic routes; and the demonstration of the lymphatics of
t h e right kidney in close connection with the colon and the
greater frequency in which this side is involved suggests this
as a possible mode of infection.
9. Treatment:
A. Fluids should be forced by all routes available to
wash out the urinary tract and prevent absorption of toxic
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products of the bacteria.
B. Alkalinization is found by all authors to be beneficial
but the mode of its action is not lmown.

(Some believe it has

a soothing affect on the mucous membranes}

Helmholz has

demonstrated it causes an increase in the urinary output,
but probably its greatest value is that it prevents acidosis.
The alkalinization of the urine is not great enough to have
any bactericidal value. Sodium bicarbonate and sodium or
potassium citrate can be used to produce an alkaline urine.
The accepted dosage is

o.5

gms. four times a day for small

infants and this dosage may be doubled for older children.

c.

Acidification of the urine suff icient to be bacteri-

cidal is irrational treatment.

Annn.onium chloride in 9-45 grs.

in divided dose is usually sufficient to produce a urine with
a pH of 5.5 or less, which is the pH at which methenamine has
the most beneficial bactericidal properties.
D. Methenamine has long been used as a urinary antiseptic
and its action is due to the production of formalin in an acid
urine.
or less.

For the best results the urine must have a pH
The accepted dosage is 6-22 . 5 grs.

of 5.5

Methenamine has

been found useful in the treatment of chronic pyelitis and
those with obstruction.
E. Hexamethylamine combined with some other medicament
wh ich will acidulate the urine has been advocated but found
unsuccessful and its use has been discontinued because of its
marked irritating affect on the gastric mucosa.

It has been

replaced by the ketogenic diet, mandelic acid, and sulfanilamide.
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F. Hexylresorcinol has been used but its results have
not been universally good.
G.

'Ihe Ketogenic diet and its value was introduced by

Helmholz and Clark in 1931 as a means of producing a bactericidal urine because they noted that the urine of Epileptic
patients on a ketogenic diet was bactericidal.
the ketogenic diet have been good.

Results with

Fuller in 1933 discovered

that levorotatatory beta hydroxybutyric acid was the active
agent in inhibiting the growth of bacteria in the urine.

Two

conditions must be satisfied when the ketogenic diet is used
in the treatment of pyelitis.

They are: a. the concentration

of the beta hydroxybutyric acid must be at least 0.5% and
b. the urine must have a pH of 5.5 or less.

Food must be

actually weighed, 50 calories per kilogram of body weight,
when administrating the ketogenic diet, allowing 1 gm. of
protein per kilogram of body weight, 10 gm. of carbohydrate
and the balance in fat.

·J .his diet must be given under care-

ful supervision and therefore is not readily available outside
the institution.
H. M.a.ndelic Acid:

After Fuller demonstrated that beta

hydroxybutyric acid was the active principle in the treatment
of pyelitis by the ketogenic diet, Rosenheim tested the
efficiency of different acids as bacteriostatic agents and found
mandelic acid very favorable.

Mandelic acid has been found by

many observers to be a very efficient urinary antiseptic in
the treatment of all urinary infecticns where the urine can
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be kept at a pH of 5.5 or less and the drug is secreted in a
0.5% concentration in the urine.

It is especially valuable

in the treatment of infections caused by the bacillus streptococcus faecalis.

The accepted dosage is 7~-22.5 grains four

times a day depending upon the age of the patient and is
best given in the form of its ammonium salt, ammonium mandelate,
because this may produce a urine acid enough without the addition of the unpleasant tasting ammonium chloride.

The acidity

of the urine can be tested by the addition of methyl-red
solution.
I. Sulfanilamide has proved the most valuable of any
urinary antiseptic introduced as yet.

It is valuable because

it is effective in either alkaline or acid urine, can be excreted in sufficient bactericidal concentrations by badly
damaged kidneys, is easy to take and easier to carry out than
is the ketogenic diet, methenamine, or mandelic acid and is
very valuable in the treatment of pyelitis caused by the
bacillus proteus ammoniae in which mandelic acid has failed.
It fails, however, to be of value in Streptococcus faecalis
infections .

The general accepted dosage is only about two-

thirds as large as those necessary for streptococci infections,
viz., 10 grains a day for each 20 lbs. of body weight.

It is

well to give 10 grains of soda bicarbonate to infants and 15
grains to older children four times a day in conjunction with
this drug in order to prevent acidosis .

J. M&B 693 (2 sulfphanilyl-arninopyridine) pyridine has
been tried in urinary infections and has given very good
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results.

The results so far suggest it may be a more power-

ful bactericide than sulfanilamide, but the number of cases
reported at present are too small to draw any definite conclusions.
K. Vaccines, autogenous and stock have been tried in the

treatment of pyelitis but have been found by most authors to
be of little value.
L. Silver nitrate has been instilled by several workers
in pelves by catheterization and have been found to have some
value in treatment of persistent pyelitis.
M. Urological Consultation:

In pyelitis that is re-

current or fails to respond to the ordinary medical management,
urological consultation should be sought as early as possible
for more thorough study of the urinary tract.

If this is done

early fewer deaths will result from renal insufficiency in
later life.
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